AD

Award Number: DAMD17-02-1-0459

TITLE: Wilms’ Tumor 1 (WT1l) as a Novel Molecular Target in
Breast Cancer

PRINCIPAL INVESTIGATOR: Ana M. Tari, Ph.D.

CONTRACTING ORGANIZATION: The University of Texas
M. D. Anderson Cancer Center
Houston, Texas 77030

REPORT DATE: April 2003

TYPE OF REPORT: Annual

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for Public Release;
Distribution Unlimited

The views, opinions and/or findings contained in this report are
those of the author(s) and should not be construed as an official
Department of the Army position, policy or decision unless so
designated by other documentation.

T2 620




REPORT DOCUMENTATION PAGE

Form Approved
OMB No. 074-0188

the data needed, and completing and reviewing this collection of information. Send comments regardi

Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503

Public reporting burden for this collection of information is eslimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining

reducing this burden to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of

ng this burden estimate or any other aspect of this collection of information, including suggestions for

1. AGENCY USE ONLY (Leave blank) | 2. REPORT DATE
April 2003

3. REPORT TYPE AND DATES COVERED
Annual (15 Mar 02 - 14 Mar 03)

4. TITLE AND SUBTITLE
Wilms’ Tumor 1
in Breast Cancer

(WT1l) as a Novel Molecular Target

5. FUNDING NUMBERS
DAMD17-02-1-0459

6. AUTHOR(S):

Ana M. Tari, Ph.D.

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

The University of Texas
M. D. Anderson Cancer Center
Texas

Houston, 77030

8. PERFORMING ORGANIZATION
REPORT NUMBER

[9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES)

U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

11. SUPPLEMENTARY NOTES

120030724 022

12a. DISTRIBUTION / AVAILABILITY STATEMENT

Approved for Public Release; Distribution Unlimited

12b. DISTRIBUTION CODE

13. Abstract (Maximum 200 Words) [abstract should contain no

WT1 protein in breast cancer was not known. We reported the expression of WT
the levels of WT1 protein correlated with the proliferation of breast cancer cell

novel therapeutic target in the fight against breast cancer.

jetary or confi
High levels of Wilms' Tumor 1 (WT1) mRNA in breast tumors have been linked with poor prognosis for breast cancer patients. However, the function of

estradiol, WT1 protein expression increased. But when the proliferation of breast cancer cells was inhibited by tamoxifen or all-trans retinoic acid, WT1
protein expression decreased. To determine whether WT1 regulates breast cancer cell proliferation, antisense oligodeoxynucleotides specific for the
translation initiation site of the WZI mRNA were used to inhibit the expression of WT1 protein. We demonstrated that WT1 protein is vital to the
proliferation of breast cancer cells since downregulation of WT1 protein expression led to breast cancer growth inhibition. WT1 protein may be used as a

tial information,

1 protein in 9 out of 10 human breast cancer cell lines. We observed that
s. When the proliferation of breast cancer cells was stimulated by 17p-

14. SUBJECT TERMS:
proliferation, apoptosis, chemoresistance,

signal transduction

15. NUMBER OF PAGES
13
16. PRICE CODE

17. SECURITY CLASSIFICATION
OF REPORT

Unclassified

18. SECURITY CLASSIFICATION
OF THIS PAGE
Unclassified

19. SECURITY CLASSIFICATION
OF ABSTRACT
Unclassified

20. LIMITATION OF ABSTRACT

Unlimited

NSN 7540-01-280-5500

Standard Form 298 (Rev, 2-89)
Prescribed by ANSI Std. Z39-18
298-102




Table of Contents

Table of Contents

Introduction

Key Research Accomplishments.........c..cooceiniiiiiiiiiininiinonenn e, 5

Reportable Outcomes

Conclusions

23 =L =) 21 =S 6

Appendices




INTRODUCTION

The Wilms’ Tumor 1 (WT1) protein and mRNA is expressed in human breast tumors and
breast cancer cell lines [1-4]. High levels of WT1 mRNA have been correlated with poor
prognosis for breast cancer patients [3]. We observed that the expression of WT1 protein was
correlated with breast cancer cell proliferation. We hypothesize that WT1 protein contributes to
breast tumor progression by deregulating cell proliferation and apoptosis. Deregulation of
proliferation and survival pathways has been associated with chemoresistance in many tumors.
Therefore, we also hypothesize that WT1 regulates chemoresistance in breast cancer cells. WT1
mRNA undergoes two independent splicing events that result in four different isoforms, which
can bind to different DNA promoter elements and different protein partners, are expressed in
breast tumors and breast cancer cell lines. In this proposal, we will determine the mechanisms

and the isoforms by which WT1 deregulates breast cancer cell proliferation and apoptosis.

BODY
In our Statement of Work, Task 1 is to determine whether WT1 overexpression increases
the proliferation and survival of breast cancer cells in cell culture models.
We have transfected MCF-7 breast cancer cells with the “A” and the “D”
isoforms of the WT1 gene. Stable transfectant clones were selected using the
G418 antibiotic, and WT1 overexpression was confirmed by Western blot and
reverse transcription-polymerase chain reaction (RT-PCR). Flow cytometry, cell
counting, and the CellTiter 96 Aqueous nonradioactive proliferative assays
suggest that the “D” isoform increases proliferation while the “A” isoform
suppresses proliferation. However, before we could confirm these observations,

the expression of WT1 protein in the stable transfectants unexpectedly decreased




to basal levels. We are now doing another round of stable transfection. But this
time, the transfection is carried out in MCF-7 as well as MDA-MB-435 breast
cancer cells. Furthermore, the plasmids now have an additional FLAG-tag. If
WT1 overexpression could not be maintained in breast cancer cell lines, we will
then have to make new WT1 gene plasmids that are regulated by inducible
promoters (such as the tet-on or the tet-off system). These unexpected issues have
set us back somewhat, but we still expect to complete the goals of our proposal

within the original 3-year plan.

KEY RESEARCH ACCOMPLISHMENTS

We demonstrated that WT1 protein expression is regulated by estrogen and anti-estrogen,
and that WT1 protein regulates breast cancer cell proliferation [4]. Meanwhile, we have
preliminary data indicating that the HER2/neu oncogene uses the Akt pathway to increase the
expression of WT1 protein to stimulate breast cancer cell proliferation. These results may

increase our understanding of how the HER2/neu oncogene promotes breast cancer progression.

REPORTABLE OUTCOMES

Zapata-Benavides, P., Tuna, M., Lopez-Berestein, G., and Tari, A. M. Downregulation of
Wilms' Tumor 1 protein inhibits breast cancer proliferation. Biochem. Biophys. Res. Commun.,
295:784-790, 2002.

Tuna, M. and Tari, A. M. HER2/neu increases the expression of Wilms’ Tumor 1 (WT1)

protein via the Akt pathway in breast cancer cells. Abstract was selected as an oral presentation




in the 2003 Annual American Association for Cancer Research Symposium, and Dr. Tuna was

selected to receive a prestigious Scholar-in-Training Award.

CONCLUSIONS
We are the first group to demonstrate that WT1 protein regulates the proliferation of
breast cancer cells, and that WT1 protein may be used as a novel therapeutic target in the fight

against breast cancer.
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Abstract

High levels of Wilms’ Tumor 1 (WTI) mRNA have been correlated with poor prognosis in breast cancer patients. However, the
function of WTI protein in breast cancer is not known. We observed that the levels of WT1 protein correlated with the proliferation
of breast cancer cells. When the proliferation of breast cancer cells was stimulated by 17B-estradiol, WT1 protein expression in-
creased. But when the proliferation of breast cancer cells was inhibited by tamoxifen or all-frans retinoic acid (ATRA), WT1 protein
expression decreased. We hypothesize that WT1 protein plays a role in regulating breast cancer cell proliferation. Using liposome-
incorporated WT1 antisense oligodeoxynucleotides, we found that downregulation of WT1 protein expression led to breast cancer
growth inhibition and reduced cyclin DI protein levels. These results indicate that WT1 protein contributes to breast cancer
progression by promoting breast cancer cell proliferation. © 2002 Elsevier Science (USA). All rights reserved.

Keywords: WTI; Breast cancer cell growth; 17B-Estradiol; ATRA; Cyclin DI

The Wilms’ Tumor 1 (WTI) gene was originally
identified as a gene that is deleted or rearranged in many
cases of hereditary Wilms’ tumor [1,2], a childhood
kidney neoplasm. In addition to germ-like abnormali-
ties, somatic mutations of WTI as well as loss of het-
erozygosity at the 11p13 locus harboring the WTI gene
have been reported in sporadic Wilms’ tumors. Muta-
tions in the WTI gene have also been associated with
three distinct syndromes in humans, namely WAGR
syndrome (Wilms’ tumor, aniridia, genitourinary
anomalies, and mental retardation), Denys—Drash syn-
drome, and Frasier syndrome [3). The WTI gene en-
codes a zinc finger-containing nuclear protein with
DNA- and RNA-binding activities [3]. WT1 binds to
CGe-rich, early growth response consensus sequences, as
well as TG-rich sequences [4-6]. Microinjection of WT1
cDNA into quiescent cells blocked serum-induced cell
cycle progression [7]. Overexpression of the WTI gene

" Corresponding author. Fax: +1-713-794-1782.
E-mail address: atari@mdanderson.org (A.M. Tari).
! Present address: Departamento de Inmunologia y Microbiologia,
Facultad de Ciencias Biolégicas, Universidad Auténoma de Nuevo
Ledén, Monterrey, N.L., Mexico.

inhibited the anchorage-independent growth of ras-
transformed NIH-3T3 cells [8]. Thus, WTI appears to
act as a tumor suppressor gene. The tumor-suppressive
function of WT1 has been attributed to its ability to
suppress the expression of growth-related genes, in-
cluding insulin-like growth factor-I receptor [9,10], in-
sulin-like growth factor-II [11], platelet-derived growth
factor-A [12], transforming growth factor-p [13], c-myc
[14], Bcl-2 [14,15], amphiregulin {16], E-cadherin [17],
epidermal growth factor receptor [18], and connective
tissue growth factor [19].

On the other hand, the W71 gene has been correlated
with the pathogenesis and progression of leukemia.
Higher levels of WT1 mRNA had been found in leu-
kemia cells than normal hematopoietic cells [20-22].
Leukemia patients who had high levels of W71 mRNA
had increased drug resistance and worse overall survival
than patients who had low levels of W71 mRNA
[23,24]. WT1 mRNA expression was downregulated
during differentiation of leukemia cells [25,26]. Fur-
thermore, decreased expression of WT1 protein levels
led to growth inhibition and apoptosis in leukemia cells
in vitro [27,28] and in vivo [29]. Thus, WTI appears to
have an oncogenic role in leukemia. The WT1 protein

0006-291X/02/$ - see front matter © 2002 Elsevier Science (USA). All rights reserved.

PII: S0006-291X(02)00751-9




P. Zapata-Benavides et al. | Biochemical and Biophysical Research Communications 295 (2002) 784-790 785

also appears to have a growth regulatory role in some
solid tumor cells, such as gastric cancer, lung cancer,
and ovarian cancer cell lines {30].

WT1 protein and mRNA expression had been found in
breast tumors [31-33]. Loeb et al. [32] demonstrated that
WTI mRNA and protein are expressed in nearly 90% of
breast cancers, but not in most normal breast tissues.
Silberstein et al. [31] suggested that there was an associ-
ation of WT1 protein expression with a biologically ag-
gressive phenotype of breast cancer. Recently, Miyoshi et
al. [33] correlated high levels of W71 mRNA with poor
prognosis in breast cancer patients. But it is not known
how WTI protein contributes to breast tumorigenesis.
We obscrved that the expression of WT1 protein corre-
Jated with the proliferation of human breast cancer cell
lines. When breast cancer cells were growth stimulated by
17B-estradiol, WT1 protein levels increased. When breast
cancer cells were growth inhibited by tamoxifen or all-
trans retinoic acid (ATRA), WTI1 protein levels de-
creased. Here, we determine whether WT1 protein plays a
role in regulating breast cancer cell proliferation.

Materials and mcthods

Cell culture. Human breast cancer cell lines: MCF-7, BT-474,
T-47D, MDA-MB-361, Hs578T, SKBr-3, MDA-MB-453, MDA-MB-
231, MDA-MB-468, and MDA-MB-435 were obtained from the
American Type Culture Collection (Manassas, VA). They were prop-
agated in Dulbecco’s modified Eagle’s medium (DMEM)/F12 medium
supplemented with 10% fetal bovine serum (FBS). K562 cells were
obtained from Dr. Ralph Arlinghaus (The University of Texas M.D.
Anderson Cancer Center) whereas HeLa cells were obtained from Dr.
Tetsuo Ashizawa (Baylor College of Medicine). K562 and HeLa cells
were used as positive and negative controls, respectively. The control
cells were propagated in RPMI 1640 medium supplemented with 10%
FBS. All cell lines were incubated in 95% air and 5% CO, at 37 °C.

Ligands and antibodies. 17p-Estradiol, tamoxifen, ATRA, and anti-
B-actin monoclonal antibody were purchased from Sigma Chemical (St
Louis. MO). Monoclonal antibodics specific for WT-1 (6F-H12), cy-
clin DI, and Grb2 were obtained from DAKO (Carpinteria, CA),
Necomarkers (Fremont, CA), and BD Transduction Laboratories (San
Diego, CA), respectively. Anti-mouse antibodies conjugated with
horseradish peroxidase were purchased from Amersham Life Sciences
(Cleveland, OH).

Incubation of MCF-7 cells with 17p-estradiol andlor tamoxifen.
MCE-7 cells were seeded in triplicate in six-well plates (1.5 x 10° cells
per well) in DMEM/F12 medium supplemented with 10% FBS. After
24h, the medium was removed, and cells were washed three times with
phosphate-buffered saline (PBS). Cells were then cultured in phenol
red-free DMEM/F12 medium supplemented with 10% dextran char-
coal stripped serum (DCS) and 10nM 17B-estradiol. For tamoxifen
treatment, cells were incubated with 10nM 17p-estradiol and various
concentrations of tamoxifen (0, 0.1, 1, or 5uM).

Incubation of T-47D cells with retinoids. T-47D cells were plated at
0.5 x 10° cells/well in six-well plates in 2mL of DMEM/F12 medium
supplemented with 10% FBS. After overnight adherence. ATRA was
added to cells at a final concentration of 2.5 M in subdued light. After
5days of incubation, cells were harvested, counted, and assayed for
WTI protein cxpression.

Western blots. Breast cancer cells were harvested and lysed. Protein
concentration was determined by using the Bio-Rad DC reagent kit.

Proteins were electrophoresed on 12% SDS-polyacrylamide gels and
transferred to nitrocellulose membranes. Protein bands were visualized
by enhanced chemiluminescence (Kirkegaard & Perry Laboratories,
Gaithersburg, MD). Intensities of protein bands were quantified by
densitometry using an Alpha Imager application program (Alpha In-
notech, San Leandro, CA).

Liposome-incorporated WTI antisense oligonucleotides and cell
treatment. P-ethoxy oligodeoxynucleotides (oligos), purchased from
Oligos Etc. (Wilsonville, OR), were incorporated into diol-
eoylphosphatiylcholine (DOPC) liposomes as previously described
[34]. The sequence of the WT1 antisense oligos targeted against the
translation initiation site is 5-GTC GGA GCC CAT TTG CTG-3¥
and the sequence of the control oligos is 5-GGG CTT TTG AACTCT
GCT-3 [27,28). Breast cancer and leukemia cells were plated in 96-well
plates (2 x 10° cells per well) in DMEM/F12 supplemented with 10%
FBS and allowed to adhere overnight. Then, various concentrations (0,
3, 6, or 12uM) of liposomal WTI antiscnse (L-WT1) or liposomal
control (L-control) oligos were added to the cells and incubated for
72h. Cell growth was determined by using the CeliTiter 96 Aqueous
nonradioactive proliferation assay (Promega, Madison, WI).

Light microscopic evaluation of cell growth. MCF-7 and MDA-MB-
453 cells were seeded in six-well plates (1.0 x 10° cells per well) in
DMEM/F12 medium supplemented with 10% FBS. After 24h, the
cells were treated with 12pM L-WTI or L-control oligos for 3days,
examined under light microscopy at 100x magnification, and photo-
graphed with Kodak gold 400 film.

Results

Expression of WTI protein in human breast cancer cell
lines

The expression levels for WT1 protein were deter-
mined in human breast cancer cell lines: MCF-7, BT-474,
T-47D, MDA-MB-361, Hs578T, SKBr3, MDA-MB-
453, MDA-MB-231, MDA-MB-468, and MDA-MB-
435. As reported in the literature [35], WT1 was
expressed at high levels as two protein bands, 52 and
54kDa, in K562 cells whereas WT1 protein was essen-
tially undetectable in HeLa cells (Fig. 1). WT1 protein
expression was detected in all human breast cancer cell
lines (Fig. 1). However, the expression of WT1 protein
was heterogeneous among the breast cancer cell lines.
T-47D cells expressed the highest levels of WT1 protein,
whereas MDA-MB-231 and MDA-MB-361 cells
expressed very low levels of WT1 protein (Fig. 1). Both
the 52 and 54kDa WT1 protein bands were seen in
T-47D and MDA-MB-468 cells, but only the upper
54kDa WTI1 protein band was seen in the remaining
breast cancer cell lines (Fig. 1).

WTI protein expression is stimulated by 17, B-estradiol but
inhibited by tamoxifen

17p-Estradiol is known to stimulate various gene
expressions. We determined whether 17B-estradiol
modulates WT1 protein expression. When MCF-7 cells
were incubated with 10nM 17-estradiol in phenol red-
free DMEM/F12 medium supplemented with 10% DCS




786

m—*%lh
T8 ¥ 3
Qm o @M
l\msuzuzuz.
™
5 888885
=¥=55353

B-actin ——»  onn e o o o o

Fig. 1. Expression of WTI protein in human breast cancer cell lines.
WTI protein expression was analyzed by Western blot analysis. Fifty
g cell lysates were loaded onto 12% SDS-PAGE. WTI protein ex-
pression was determined by monoclonal anti-WTI1 antibodies. K562
and HeLa cells were used as positive and negative controls, respec-
tively.
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for 3days, a 100% increase in cell number was observed
as compared with cells incubated in DMEM/F12 me-
dium supplemented with 10% DCS alone (Fig. 2A).
High expression of WT1 protein was found in MCF-7
cells cultured in 10% FBS (Fig. 2B). But when MCF-7
cells were cultured in phenol red-free DMEM/F12 me-
dium supplemented with 10% DCS, the expression of
WTI1 protein decreased by about 60% (Fig. 2B). Incu-
bation of MCF-7 cells with 10nM 17B-estradiol could
increase the expression of WT1 protein to a level similar
to that seen in 10% FBS (Fig. 2B).

To determine whether the effects of 17B-estradiol on
the expression levels of WT1 were specific, MCF-7 cells
were treated with the estrogen antagonist tamoxifen.
MCF-7 cells were incubated with 10 nM of 17B-estradiol
and different concentrations (0.1, 1, and 5uM) of tam-
oxifen for 3days. Tamoxifen decreased the growth
stimulatory effects of 17B-estradiol in a dose-dependent
manner (Fig. 2A). In wells treated with 10nM 17B-est-
radiol plus 1 and 5pM tamoxifen, cell numbers were
lower (12% and 49%, respectively) than cells treated
with 17B-estradiol only (Fig. 2A). Tamoxifen also de-
creased the WT1 stimulatory effects by 17B-estradiol in a
dose-dependent manner (Fig. 2B). In wells treated with
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Fig. 2. 17B-Estradiol increased WT1 protein expression but tamoxifen decreased WT1 expression in MCF-7 cells. (A) MCF-7 cells were seeded in
triplicate (at 1.5 x 10° per well) in six-well plates in DMEM/F12 medium supplemented with 10% FBS and incubated for 24 h. The medium was then
changed to phenol red-free DMEM/F12 medium supplemented with 10% DCS and 10 nM 17B-estradiol. Various concentrations of tamoxifen (0, 0.1,
1, or 5uM) were added to cells and the cells were then incubated for an additional 72h. Cells were harvested and counted by trypan blue dye
exclusion. The numbers of MCF-7 cells are expressed as means £ SD. (B) Fifty pg proteins were used to analyze WT1 expression by Western blot
analysis. Data were quantified by scanning densitometry and WT1 levels were normalized to B-actin levels.
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10nM 17B-estradiol plus 1 and 5pM tamoxifen, WT1
expression decreased by 32% and 51%, respectively (Fig.
2B). These data indicate that 17B-estradiol can stimulate
the expression of WT1 protein in breast cancer cells
and that the expression levels of WT1 protein corre-
lated with the growth of MCF-7 cells as stimulated by
17B-estradiol.

WTI protein expression is suppressed by ATRA in breast
cancer cells

It has been shown that ATRA reduces WTT1 levels in
HL60 leukemia and F9 tetracarcinoma cells [25,36].
Here, we determined whether ATRA could also reduce
WT]1 expression in breast cancer cells. As a positive
control [37], we confirmed that ATRA decreased the
levels of the cyclin D1 protein (Fig. 3). Under these
conditions, ATRA was found to inhibit WT1 protein
expression by 31% (Fig. 3). The inhibition was pre-
dominantly in the upper 54kDa WTI protein band.
ATRA-mediated suppression of WT1 protein levels was
correlated with ATRA-mediated growth inhibition, as
T-47D cells incubated with 2.5uM ATRA for 5days
had 69% lower cell numbers than untreated cells (data
not shown).

Downregulation of WTI protein expression leads to
growth inhibition in breast cancer cells

Since we observed that the levels of WT1 protein
corrclated with the proliferation of breast cancer cells,
we hypothesized that WT1 protein plays a role in reg-
ulating breast cancer cell proliferation. L-WT1 oligos
were used to downregulate WT1 protein expression and
effects of WT1 downregulation on breast cancer cell
proliferation were determined.
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Fig. 3. ATRA suppressed WT1 levels in T-47D cells. T-47D cells were
secded in triplicate (at 0.5 x 10° cells per well) in six-well plates in
DMEM/F12 medium supplemented with 10% FBS. ATRA was added
to cells at a final concentration of 2.5uM. DMSO, added at a final
concentration of 0.025%, was used as a negative control. After 5days
of incubation, cells were harvested and counted. Twenty-five ug pro-
teins were used to assay for WT1 and cyclin D1 expression. ATRA is
known 1o inhibit cyclin D1 levels in T-47D cells and was used here as a
positive control. Data were quantified by scanning densitometry and
WTI levels were normalized to Grb2 levels.

We first confirmed that L-WT1 oligos could inhibit
the growth of K562 leukemia cells [27,28] in a dose-de-
pendent manner (Fig. 4A). We then determined the ef-
fects of L-WT]1 oligos on the proliferation of breast
cancer cells. L-WT]1 oligos, but not L-control oligos,
induced dose-dependent growth inhibition in MCF-7
and MDA-MB-453 cells (Fig. 4B). Maximal growth
inhibition (>90%) was observed at 12 uM concentration
of L-WT1 oligos; therefore, this concentration was used
for the subsequent expcriments. We expanded our
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Fig. 4. L-WT1 selectively inhibited the growth of breast cancer cell
lines. (A) K562 leukemia cells were used as a positive control and
incubated with increasing concentrations (0, 3, 6, 9, and 12uM) of
L-WTI and L-control oligos for 3 days. Cell growth was determined by
the CellTiter 96 Aqueous nonradioactive proliferation assay. The
growth of treated cells is expressed as percentage of untreated
cells £ SD. (B) MCF-7 and MDA-MB-453 cells were incubated with
0-12 1M L-WT1 and L-control oligos. After 3days of incubation, cell
growth was determined by the CellTiter 96 Aqueous nonradioactive
proliferation assay. The growth of treated cells is expressed as
percentage of untreated cells +SD. (C) Breast cancer cell lines were ~
incubated with 12pM L-WT]1 oligos (dark bars) or L-control oligos
(light bars) for 3 days. Cell growth was determined by the CellTiter 96
Aqueous nonradioactive proliferation assay. The growth of treated
cells is expressed as percentage of untreated cells + SD.
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findings to the other breast cancer cell lines. L-WT1
oligos inhibited the growth of 8§ out of 10 breast cancer
cell lines, with greater than 50% effects in MCF-7,
MDA-MB-453, T-47D, and MDA-MB-435 cells (Fig.
4C). Under the same conditions, approximately 50%
growth inhibition was observed in MDA-MB-468 and
BT-474 cells while less than 50% growth inhibition was
observed in SKBr-3 and MDA-MB-361 cells (Fig. 4C).
No growth inhibition was observed in MDA-MB-231
and Hs578T cells (Fig. 4C).

Western blot analysis was performed to ensure that
L-WTI1, but not L-control, oligos could specifically
inhibit WT1 protein expression. L-WT1 oligos selec-
tively inhibited WT1 protein expression (~46% lower)
in MDA-MB-453 cells (Fig. 5). Furthermore, a decrease
in cyclin D1 protein expression (~40% lower) was
observed when MDA-MB-453 cells were treated with
L-WTI oligos (Fig. 5). As expected, WT1 protein ex-
pression was not affected by L-control oligos (Fig. 5).

<4+— WTI1
<4—— P-actin

: ‘ Untreated
l L-control

4———— Cyclin D1

Fig. 5. L-WT1 oligos decreased WT1 protein expression in MDA-MB-
453 cells. MDA-MB-453 breast cancer cells were incubated with 12 pM
L-WTI or L-control oligos for 3days. Cells were harvested and 50 ug
protein lysates were loaded on 12% SDS-PAGE. The levels of WT1
and cyclin D1 protein were determined by Western blot analysis. Data
were quantified by scanning densitometry and WT1 and cyclin DI
levels were normalized to B-actin levels.

Untreated cells

Using light microscopy, we observed that L-WTI
oligos reduced the number of MCF-7 and MDA-MB-
453 cells as compared with untreated cells (Fig. 6). But
L-control oligos did not decrease the number of MCF-7
and MDA-MB-453 cells (Fig. 6).

Discussion

Our data demonstrate that WT1 protein regulates
breast cancer cell proliferation, since downregulation of
WT1 protein led to growth inhibition in breast cancer
cell lines. Our results may explain the findings of Mi-
yoshi et al. [33] who reported that high levels of WT1
mRNA predict poor prognosis in breast cancer patients.
WT1 protein is vital to the proliferation of breast cancer
cells, regardless of whether the cells are estrogen recep-
tor (ER)-positive or -negative. We did not find any
correlation between the basal expression of WT1 protein
in breast cancer cells and their response to inhibition by
L-WT1 oligos. We could also not find a correlation
between the status of the p53 protein expressed in breast
cancer cells and their response to inhibition by L-WT1
oligos, since MCF-7 is the only breast cancer cell line
that expresses the wild-type p53 protein [38]. However,
one possible mechanism by which WT1 protein con-
tributes to breast cancer proliferation is by regulating
the levels of the cyclin D1 protein, which is known to be
important to breast cancer progression [39]. This is be-
cause downregulation of WT1 protein led to reduction
in cyclin D1 protein levels. The cyclin DI promoter
contains CG-rich elements that resemble WT1 response
elements [40]. We are currently investigating whether
WTI regulates cyclin D1 expression at the transcrip-
tional level.

L- Control

L-WT1

MDA-MB-453

Fig. 6. Reduction in numbers of breast cancer cells by L-WTT1 oligos. MCF-7 and MDA-MB-453 cells were treated with 12uM L-WT1 or L-control

oligos for 3days and observed under light microscopy.
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Our data also demonstrate that steroid hormones,
17p-estradiol, and ATRA regulate WT1 protein ex-
pression in breast cancer cells. 178-Estradiol is a positive
regulator of WT1 expression, whereas ATRA is a neg-
ative regulator of WTI1. 17p-Estradiol and ATRA
mainly induce their biological effects in ER-positive, but
not ER-negative, breast cancer cells. However, the
mechanisms by which these ligands regulate WT1 ex-
pression are not known. The promoter of the W77 gene
does not contain any ER or retinoic acid receptor
(RAR) responsc element [41]. Thus, it is unlikely that
WT1 expression is mediated dircctly by ER or RARs.
Since WT1 protein is vital to the proliferation of ER-
ncgative breast cancer cells, it will also be interesting to
determine what growth factors and/or receptors regulate
WT1 expression in ER-negative breast cancer cells.

High levels of mecthylation had been found in the
promoter of the WTI gene in breast cancer cclls.
Nonetheless, WTI mRNA and protein are expressed in
breast tumors and breast cancer cell lines [32]. Here, we
demonstrate that WT1 protein is vital to the prolifera-
tion of breast cancer cells. Our data support earlier
observations that WT1 may play a role in the patho-
genesis of breast cancer [31,33]. WTI protein may
thercfore be used as a novel therapeutic target in the
fight against breast cancer.
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